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PREFACE

How does one capture the essence and drama of a half century of research? Of the contributions of
ten thousand scientists and technicians working together? Of the dreaming and doing that lead to the
launching of a submarine or a satellite?

A list of patent numbers, however important, would convey little meaning; a collection of report titles
would be only slightly more enlightening. It takes the intertwining of men and materials, their reminiscences
their frustrations, their flashes of foresight, and their long, long years of plain persevering to give life to
real research in a real world of wars, rumors of wars, and the briefly interspersed respites of peace.

This issue of the “Report of NRL Progress’ provides brief glimpses into the world of research through
the lenses of the lives that have been part of NRL-The scope of NRL's research has reached far across
the range of human interests and needs and is as varied as human beings themselves are different. In re-
cording this historical perspective, it is hoped that humanity is reflected rather than just the material ob-
Jjectives of mankind’s search. The Navy exists for the people, and naval research involves the interplay of
some of mankind's best minds with mankind’s highest hopes.

Selecting 50 writers to_breathe life into 50 years of history is not an easy task, especially when ten
times that number.could have written on subjects of enormous fascination.. It was hoped that the past
and the present could be presented from the viewpoints of scientists and administrators, with sufficient
coverage of eras and areas of research to provide both a perspective and a panorama.

A number of distinguished alumni could not respond because of personal commitments, and as a result
some proposed areas of caverage do not appear. The reader who has been associated with NRL will con-
struct his own mental list of omissions based on his own perspective and thus fill out this document to
his personal satisfaction. Perhaps it is best that way; otherwise this report could never be completed
satisfactorily. i

The problem of how to arrange the essays in a meaningful order was resolved simply, and for the most
part quite satisfactorily, by adopting a chronological sequence based on the author’s year of “entering
on duty” at the Laboratory. There is one exception. Dr. Berman'’s “View from a Vantage Point”’ appears
last. Appropriately, that vantage point is the office of the Director of Research.

Very little editing has been done on the original manuscripts, and then mostly to supply a date, insert
a reference, or construct a title when none was supplied by the author. If some duplication in reporting
or similar scientific philosophies appear, it should be remembered that in spite of NRL’s diversity, it has
been an integrated and interdisciplinary laboratory, and its family, while large, is closely knit. But dedicated
people will always have their honest biases, as well as strong convictions, and these cannot help but show
through. It would be unrealistic and even undesirable to wish it otherwise. The creative mind is not easily
catalogued.

As the Laboratory moves into its second half-century of research and service, it is a healthy exercise to.
reflect with a few of the many proud and dedicated people who have contributed to NRL as it is today.
It is the people who are the muscle, bone, and blood of any corporate institution...that is the message

of this special issue of the “Report of NRL Progress.”
é; JAMES H. SCHULMAN
Chairman,

50th Anniversary Committee
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Fifty Years of Science for the Navy and the Nation

On the second day of July 1923, the Assistant Secretary of the Navy, Theodore Roosevelt, Jr.,
delivered his dedication address at the commissioning ceremonies of the Navy’s Experimental and Research
Laboratory. This facility, soon renamed the Naval Research Laboratory, is on the Navy’s Bellevue Magazine
site beside the Potomac River in southwestern Washington, D.C. Roosevelt stood on the steps of one of the
three buildings which then comprised the Laboratory and at approximately the same spot where two and a
half years earlier the then Secretary of the Navy, Josephus Daniels, had broken ground for that building’s
construction. Daniels had an early concept of this facility, and in 1915, he enlisted the aid of Thomas Alva
Edison, “the one man above all others who can turn dreams to realities,” to chair the Naval Consulting
Board of the United States and help implement the Laboratory’s establishment. The board members and
chairman reputedly had some of the most outstanding scieniific minds in the nation; hence initial approval
of the Laboratory’s construction was practically assured. But there were severe differences of opinion
among the board members as to what the facility should be, what it should do, and where it should be
located; these differences had long delayed commissioning of the new Navy laboratory.

Roosevelt undoubtedly was aware not only of these differences but of an agreement among the
Founders, which, as he had stated earlier before a Congressional committee, was that the Laboratory would
be “an instrument whereby ‘Navy mén are encouraged to work constantly for advancement in Naval
science.” His unrecorded speech, therefore, may well have been tempered by a statement to that effect as
well as by words dwelling on another point on which there surely was mutual agreement—that regardless of
the initial guidelines, the achievements to be made at this facility for the Navy and the Nation would rest
almost entirely upon the vision, resourcefulness, and dedication of the men assigned to it.

How rewarding would it be to those Founders if they could view the present NRL complex and staff?
Instead of three buildings, they would see more than 100, most of them containing highly specialized
laboratories and research devices. They would see a staff 200-fold larger than the original complement of 20
and would note that these people were applying disciplines of nearly all of the physical and related sciences
to the solution of important naval problems. They would perceive contributions being made in fields
unheard of when the Laboratory was commissioned. And they would notice how this Laboratory had
grown so extensively from the modest beginning they had provided a half century earlier,

FOUR GROUPS OF SCIENTISTS ARRIVE

In April 1923, Dr. A. Hoyt Taylor moved three groups of scientists from the Bureau of Engineering,
including men from the Aircraft Radio Laboratory, to the new Laboratory to form the Radio Division.
Concurrently, Dr. Harvey C. Hayes brought in a fourth group which had been continuing, at the Annapolis
Experiment Station, the underwater sound investigations it had conducted originally at New London,
Connecticut, during World War I; in its new home it was called the Sound Division, Thus, 2-1/2 months
before the commissioning of the Laboratory, the 20 people who initially comprised NRL’s Radio and
Sound Divisions had moved into their new quarters and resumed the same projects they had been working
on for the Bureau of Engineering at their previous locations. Although the scientists were now under the
direct administration of the Secretary of the Navy, they continued their research for the Bureau because
they believed in its importance to the Navy and because the Bureau, having faith in the scientists, continued
to fund their efforts. The Bureau was conscious of the many deficiencies in Fleet capability demonstrated
in World War I and was anxious to overcome them through the application of scientific research.

It was not long before the Laboratory had demonstrated the superiority of a 50-kilowatt high-
frequency (HF) transmitter over a 250-kilowatt long-wave transmitter in providing better communications
between the Chesapeake Bay area and Balboa, Canal Zone. This demonstration overcame many of the
prevailing prejudices against HF communications. It was quickly followed by successful HF transmissions
over great-circle distances of about 10,000 miles from the flagship SEATTLE on her visit to Australia and
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New Zealand in 1925 and the transmission of all required messages between Washington, D.C., and the rigid
airship SHENANDOAH on the dirigible’s cross-country flight in 1924. These and other early successes
earned wider funding support for research that greatly increased the communications capability of the Fleet
in the years ahead. They also led to related investigations that enabled the Radio Division, 16 years after its
establishment, to make what Fleet personnel termed “the greatest radio discovery of the age,” radio
detection and ranging (radar), which enormously increased Fleet security and navigation capabilities.

In the meantime, the Sound Division was making great strides in underwater communications and
detection. Working in a complex and nearly uncharted area, the Division undertook the development of a
sound system that included ultrasonics to give both range and bearing by means of echoes from a target.
The primitive state of knowledge in this area at that time is illustrated by the fact that there was absolutely
no means of making quantitative measurements of underwater-sound intensities; evaluations of ultrasonic
systems under development were made primarily by comparative measurements of obtainable operating
ranges. Attempts to correlate theoretical and experimental results were frustrated by the-large variable
effects of then unknown underwater phenomena, such as stratified thermal and organic layers. These
numerous unknowns provided a fertile field for the program of acoustic research that would follow. ‘

The development of quartz-crystal transducers, vigorously pursued in the period 1924-1928, gave way
to work on synthetic plezoelectric crystals, chiefly Rochelle salt, and concurrent research on the magneto-
strictive type of transducer. The latter studies provided the technical basis for the development, by a
Bureau-sponsored contractor, of a complete magnetostriction sound system which became standard equip-
- ment.aboard destroyers. Continued work by NRL on the Rochelle-salt transducer resulted in the develop-
ment of a new sonar system, known as the XBQ, which had many applications, particularly to depth
sounding by surface ships and to listening systems aboard submarines. By 1935, several fairly adequate
sonar systems had been developed, and quantity production of improved models got under way by 1938.

THE NEED TO EXPLORE NEW DISCIPLINES

Much of the work performed by the two charter divisions was done in a developmental context, so it
greatly facilitated establishing the Laboratory’s practical value to the Navy. The progress of the Radio and
Sound Divisions was made in two established and relevant fields of research which the Navy was already
supporting when the Laboratory was formed. It is clear now, however, that thé scope of the scientific
disciplines embraced by the two charter divisions was not nearly wide enough to adequately support the
rapidly growing research needs of the Navy. The Division of Heat and Light was established in 1924, mostly
on the basis of the intuition of the scientists and the Director’s faith in them. It was the first of a number of
divisions to be added to the new Laboratory. Each would make significant contributions to Navy strength
through applications of its own scientific disciplines, and collectively those divisions would provide scien-
tific support far greater than the sum of their individual efforts.

A principal strength of the Laboratory through the years has been its many mutually supporting
disciplines. Thus, even when only the two charter divisions existed, both were conducting basic research
and exchanging information on wave propagation. Later, when the Radio Division was investigating the
eccentricities of the ionosphere and its influence on radio waves, Dr. E. O. Hulburt, head of the newly
formed Heat and Light Division, furnished all of the early calculations concerning the ion densities and the
refractive properties of the ionosphere. When the Radio Division discovered the “skip-distance” effect,
which could not be explained by the prevailing wave-propagation theory, Dr. A. Hoyt Taylor of the Radio
Division and Dr. E. O. Hulburt of the Physical Optics Division (a derivative of the Heat and Light Division)
jointly published in 1926 a modification of the theory which laid the foundation for modern HF wave-
propagation theory. These early interactions set the stage for the many interdisciplinary efforts that have
enhanced Laboratory achievements ever since,

A principal difficulty encountered in getting the Heat and Light Division under way had been that it
needed to conduct much fundamental research before it could help resolve problems of interest to the
material bureaus. The Division’s first important program was to undertake extensive measurements of the
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transmission and absorption of all optical wavelengths, including infrared and ultraviolet. These measure-
ments were carried out through varying degrees of fog, snow, rain, and other atmospheric conditions and
also through seawater. From the scientists’ point of view, study of these physical phenomena and environ-
ments was indispensable to the solution by the Radio and Sound Divisions of many bureau problems to be
assigned in the future. Thus the potential broad application of the results to many fields justified direct
Laboratory support, independent of the Bureau of Engineering, for the work of the Heat and Light
Division. Later, when the Chemistry Division was established, its head, Dr. F. R. Bichowski, made an
informal stipulation that one-third of the money made available to it should be devoted to publishable
research of a so-called “pure” type. Although rigid guidelines were never applied, the direct appropriations
have been vital to the Laboratory in permitting a flexible and productive blending of basic and applied
research.

ON THE EVE OF WORLD WAR II

When the United States became involved in World War II, the wisdom of creating the Naval Research
Laboratory and the effectiveness of its contributions to the combat strength of the Navy would soon
become apparent, On the eve of the conflict in 1939, the Laboratory was composed of the following
Divisions: Radio, Sound, Chemistry, Physical Optics, Metallurgy and Thermodynamics, Mechanics and
Electricity, and- interior Communications. Already, each had made significant contributions to the Navy;
many of these would be tested quickly in a realistic wartime environment.

Among the contributions made by the Radio Division were a worldwide HF communications capability
and radar for ranging, detection, and navigation. An important NRL invention, the Plan Position Indicator,
greatly improved the tactical use of radar data. By December 7, 1941, 20 radar sets had been placed aboard
selected ships, including battleships, cruisers, and aircraft carriers, as well as at key shore installations.

The Sound Division had contributed substantially to production models of sonar systems that had been
installed widely in the Fleet and that would become thie standard sonar equipment for the Navy’s surface
and subsurface vessels throughout World War I,

The Chemistry Division was already making progress in the development of antifouling paints for ship
hulls and aircraft pontoons, and it was finding suitable noncorrosive additives for fuels and lubricating oils.

The Physical Optics Division had determined the best type of protective coloring for all classes of naval
vessels and had written the first edition of the “Handbook of Camouflage,” which became a “Bible” on the
subject and was carried aboard all ships throughout the War. The development of low-reflecting films for
coating glass surfaces of optical instruments had enabled the Navy to increase the efficiency of many
instruments, including that of submarine periscopes, which rose from 50 to 85 percent.

The Metallurgy and Thermodynamics Division’s development of nondestructive techniques for testing
castings had done much to improve their manufacture and to reduce failures during operation, Now these
techniques were being applied to the nondestructive testing of welding, which was largely replacing riveting
in the gigantic shipbuilding program just beginning.

The Mechanics and Electricity Division had made precise analyses of the force-upon-impact and the
penetrating power of various types of projectiles and of the resisting power and effectiveness of different
kinds of armor for ships and aircraft.”

The Interior Communications Division was testing electrical equipment to be used in the increasingly
complex interior communications systems of Navy ships.

The examples cited above were only a few of NRL's many efforts that contributed to Navy effective-
ness by the beginning of World War II and that gained Fleet-wide respect for the Laboratory.

CONTRIBUTIONS DURING THE WAR

. With the onset of war, it became crucial to the Navy and the Nation that the Laboratory’s scientific
force gear itself to the rapid pace it would have to maintain. Some preparations for such an emergency had
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been made, but the Laboratory, like the rest of the Nation, was unprepared for the sudden onset of war. Its
subsequent “growing pains” are reflected to some extent by the expansion, between 1941 and 1945, from
396 personnel to 2069 (about 4400 including students and transients), from 23 buildings to 67, from 1.7 to
13.7 million dollars annual expenditures, and from 200 to nearly 900 problems assigned to the scientific
divisions, This rapid expansion was achieved only after tedious struggles to obtain from a very tight market
the best-available scientific, engineering, administrative, and support personnel as well as essential materials
and equipment. This unprecedented build-up resulted from the realization by the military and the Nation
that World War II would be the most technical war fought to date.

Communications, Radar, and ASW

To their earlier contributions to the “finest Fleet communications in the world,” the Radio Division
added electronic navigation devices and-inproved radic communications equipment for air, surface, and
submarine use. It launched the Navy into the technologically new electronic-warfare arena by quickly
developing countermeasuses to the unexpected German radio-guided aerial bomb which threatened allied
shipping in the Mediterranean. The Division also developed a passive search radar for use by surfaced U.S.
submarines to thwart radar searches which were being conducted successfully by Japanese antisubmarine-
warfare (ASW) aircraft. NRL’s expansion of radar capabilities to include the vital fire-control function
received credit for saving a U.S. task force in the Second Battle of Savo Ifland in 1942.

" The sonar systems that were developed by NRL before the War and that were installed as standard
equipment on Navy ships during the War proved to be valuable contributions to Fleet ASW effectiveness.
These systems were one of a group of scientific devices that Grand Admiral Karl Doeritz, commander of
the German U-boat fleet, cited as the major reason for Germany’s defeat in the battle of the Atlantic.
During that battle, the Sound Division was not only improving these sonar systems but was applying its
scientific understanding of underwater phenomena to the development of many other important devices.
They included a sound generator that successfully countered German acoustic torpedoes designed to
“home” on propeller sounds of Allied ships, three types of acoustical proximity fuses for mines and other
explosives, and a powerful low-pitched sound generator that proved useful in mine sweeping. Sound
Division scientists also pioneered the development and use of equipment which emitted very short ultra-
sonic signals to assist in locating small objects. This equipment proved helpful in guiding U.S. submarines
through Japanese minefields and in safeguarding U.S. minesweepers.

Added to the many significant accomplishments made by the two charter divisions during the War were
many more made by other divisions that had come into being since thé founding of the Laboratory.

Chemistry

Working closely together, the Chemistry Division and the Army Chemical Warfare Service developed a
variety of materials and devices that were used successfully by both the Army and the Navy during the War,
They included chemical weapons, high-efficiency filter materials that were used in all Navy gas-mask
canisters, and a defogging agent for optical surfaces to facilitate operations during adverse weather condi-
tions. The Division also developed coatings that protected all types of military electronic equipment from
rot, mildew, and rust in the humid tropic regions. The Navy’s submarine-hunting capability was improved
by the development of an antifouling film for sonar domes, Methods were devised to prevent the spoilage of
jet fuels in storage, liners were designed and fabricated to permit storage of fuels in concrete tanks, and
additives were discovered that provided adequate oxidation-stabilization and rust-inhibition characteristics
to aircraft lubricants.

Many military men who survived the sinking of their ships or downing of their aircraft will remember
the NRL-developed “Sea Marker,” a fluorescent dye that brightly covered a small area of water near them
and thus aided in their rescue. They will also remember the “Shark Chaser,” a specially prepared chemical
compound that discouraged sharks from attacking them. NRL chemists developed a method of introducing
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foam into the bottom of burning fuel tanks to extinguish fires. An NRL-developed “closed-cycle re-
breather” was widely used in submarines during and after the War and saved the lives of many crewmen in
closed atmospheres made unbreathable by fires. Among the Division’s contributions to ASW were devices
which, upon ejection into seawater, produced either hydrogen bubbles to confuse enemy sonars or
ammonia bubbles that collapsed and made noises that diverted enemy acoustic homing torpedoes away
from their targets. Many of the accomplishments of the Chemistry Division, cited sparsely here, provided
industry with immediate or potential products for later commercial applications.

Physical Optics

At the beginning of the War, the Physical Optics Division, formerly the Heat and Light Division,
disseminated valuable information it_had accumulated through research over the preceding 15 years to
scientists in industry throughout the United States, Application of this information by industry resulted in
the development of radiometric devices that measured the radiant intensities of clouds, clear skies, ships,
aircraft, snorkel exhausts from submarines, emissions from flame throwers, rocket-motor flames, and hot
surfaces in ships’ firerooms. The Division devised methods for testing models of a British-developed infrared
detector tube that provided good images of infrared-illuminated objects, and it then inspected thousands of
the tubes, which were used later by_the Army during the invasion of North Africa and by the Fleet for
secure intership communications, The finding by the Division that red light does not decrease the eye’s
adaptation to darkness, as does blue or white light, resulted in an immediate change throughout the Fleet to
the use of goggles, flashlights, and other optical devices designed to receive or emit red light. The Division
also produced self-luminous radioactive buttons, tapes, and other markers for identifying ladders, hatch
openings, deck obstacles, and switches. Fluorescent materials excited by ultraviolet light and phospho-
rescent materials which glow for some time after the light stimulation has been turned off were developed
for visual aids. Two examples are the fluorescent coveralls and signal flags that made Navy crewmen visible
to aircraft pilots at much greater distances than had been possible before and thus facilitated the direction
of takeoffs and landings. The new scientific discipline of electron optics was established and used by the
Division to align some 90-million quartz crystals desperately needed for crystal oscillator plates during the
War. The method involved the use of x-ray equipment and proportional counters to align the crystals by
means of their x-ray diffraction patterns. This notable accomplishment was only the beginning of many
subsequent applications of electron and x-ray diffraction methods to materials analysis, electron micros-
copy, and upper-atmosphere research,

Metallurgy

The Physical Metallurgy Division effected fundamental improvements in metals and metal products,
which were of significant benefit to the Navy and to industry in general. Research by NRL metallurgists on
welding techniques resulted in timely improvements in this new art, which was rapidly replacing riveting
methods in shipbuilding. They developed better weld metal from core-wire and electrode coatings research,
devised a test to determine the ductility of welds, and constructéd an automatic welding machine. Improve-
ments also were made on prewar techniques and instruments for nondestructive testing of metal castings,
plates, and welds; for example, a device developed by NRL to generate beta rays was adapted to reveal (in a
short exposure time) flaws in steel plates many inches thick. NRL metallurgists found that nickel was a very
satisfactory substitute for tin in making bronze. They also demonstrated that an excellent quality of
manganese bronze could be made by using scrap cartridge cases as alloy material, and they developed
methods for improving the casting of alloy metals. This wartime reserach was valuable not only to the U.S.

war effort but to the subsequent economy of the Nation and to the development of the science of
metallurgy worldwide,
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Atomic Energy and Electricity

Of all of the projects undertaken by the Mechanics and Electricity Division, one of the most significant
was the investigation of atomic energy. It is a matter of record that NRL was the first U.S. Government
agency to undertake the study of atomic power. In 1939, NRL scientists became convinced that a process
for uranium fission, discovered by two German scientists, offered a potential method for obtaining atomic
power, and they drew up a plan for its application to submarines, which contributed to the development of
the first atomic-powered submarine. Furthermore, by 1942, NRL had constructed a small pilot plant that
proved successful in separating uranium isotopes in small quantities. Later, a larger plant constructed at the
Philadelphia Navy Yard under the auspices of the Bureau of Ships, became a branch activity of the Division.
The NRL “liquid thermal diffusion process” for the separation of uranium isotopes was one of the three
methods that scientists and engineers of the Manhattan Project used to obtain the vital chemicals which
formed the explosive in the first atomic bombs.

The Mechanics and Electricity Division also started an investigation of precipitation static and coronal
discharge which interfered with radio communications attempted by aircraft flying through snow, thunder-
storms, and other foul weather. Because of the increasing stubbornness and significance of the problem,
NRL created the new Aircraft Electrical Division in 1944 to solve it and to absorb most of the electrical
work of its parent Mechanics and Electricity Division. The precipitation static problem was solved by the
use of metallized wicks, about the size of small rope, with_frayed ends, fastened to the trailing edges of
aircraft wing and tail surfaces. The devices eliminated.approximately 90 percent of the static caused by
coronal discharge, and they soon were installed on aircraft throughout the world, increasing flight safety for
aviators, military and civilian, and millions of passengers.

Interior Communications

Although the work of the Interior Communications Division was less scientifically oriented than that
of the other research divisions, it nevertheless proved very valuable in the development and testing of
electrical and other equipment used for communications and related purposes within ships of the Fleet.
This equipment included voice communication systems and speakers, alarms, repeaters for transmitting
information to dials and indicators from the bridge to the engine room, circuits for controlling gun
batteries, and circuits for running lights and interior illumination. One offshoot of this work was the
identification of a new field of investigation that involved the systematic evaluation of the effects of shock
and vibration on ship structures and equipment. Through this work, methods were devised for producing
superior shock- and vibration-resistant designs for these components.

POSTWAR RESEARCH

With the War over, NRL could look with pride on its performance during the conflict but could not
affort to rest on the acclaim that performance received. It was time to reorganize and adjust to the new
environment and challenges that lay ahead. The Laboratory was transferred administratively in May 1945
to the newly created Office of Research and Inventions, renamed the Office of Naval Research a year later,
and expedient wartime planning was replaced in large.part by long-range planning.

Although NRL had been looked upon primarily as an electronics laboratory, partly because of its
spectacular successes in radio and radar, its administrators believed it could best serve the Navy and the
Navy’s material bureaus by exploring a much wider range of science and technology. Consequently, all
divisions were placed on the same organizational level. New scientists and engineers were sought on the
basis of highest quality rather than on the basis of what the limited manpower market could provide, which
had been the case during the War. An important precept of the Founders—that the scientific and technical
work be carried out by civilian personnel, while uniformed personnel performed the management and
liaison functions—was firmly restated, These policies formed the basis for the postwar reorganization and
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provided a more balanced and effective research program for the long-term attack on problems in important
and complex areas yet to be investigated.

Postwar research was conducted in a rapidly changing environment characterized by technological
surprise and unprecedented expansion of scientific knowledge coupled with keen intemnational competition.
Researchers were presented increasingly difficult challenges to obtain knowledge of the undersea, sea-
surface, atmospheric, and space environments, all of which would affect the Navy’s future global opera-
tions. For example, the postwar development of powerful and sophisticated weaponry and nuclear powered
submarines presented severe technical problems that had to be solved to conduct effective submarine and
antisubmarine warfare; the surprise launching by the USSR of SPUTNIK 1 greatly accelerated NRL’s space
systems research and development efforts; the introduction to modern warfare of the new concept of
low-level conflict as well as the Korean and Southeast Asian limited wars placed existing requirements in a
new light and added new ones; and the sophisticated means developed by hostile nations for intercepting or
interfering with our communications stimulated large Navy programs of countermeasures research.

These technologxcal developments and others, made both by military and nonmilitary groups, had
profound impacts on NRL’s postwar research. The development of the electronic computer and modern
data-processing techniques not only challenged NRL scientists to adapt them to Navy use but also to-
exploit their power in facilitating the conduct of research and expanding research goals to previously
unattainable dimensions. In 1951, the invention of the junction transistor ushered in the new era of solid
state electronics, which revolutlonized the entire electronics field. NRL scientists took adva.ntag_e of this
challenge and significantly reduced the size, welght and cost of electronic components while concurrently
increasing their reliability. Other revolutionary advances such as the development of the laser, which
provided coherent, spectrally pure, and powerful beams of optical radiation—added new dimensions to old
techniques, made entirely new techniques possible, and opened the door to previously unanticipated areas
of research.

Research expanded from both a fundamental and an integrated viewpoint, Where existing theories or
scientific descriptions proved inadequate to explain newly observed phenomena, intensive investigations
were carried out to refine them and to gain a more comprehensive understanding of their meaning. On the
other hand, further emphasis was given to the development and operational integration of systems. Con-
sequently, the products of separate but closely related research had to be brought to bear more effectively
on relevant Navy problems,

New or newly emphasized fields of science and engineering were embraced in order to provide the
comprehensive interdisciplinary capabilities needed to attack new types of problems as they arose. To meet
these burgeoning obligations, the Laboratory procured many large and powerful research facilities. Today,
NRL’s 20 charter scientists would undoubtedly be amazed to see the Laboratory’s Cyclotron, Linac, and
Van de Graaff accelerators being used to examine the basic constituents of matter; observe the sophisti-
cated acoustics research carried out aboard USNS HAYES and the deep-ocean search and monitoring
operations conducted aboard USNS MIZAR; view the Nation’s most accurate transducer calibration and
acoustic measurement facilities at NRL’s Orlando, Florida, facilities; fly on one of the Laboratory’s several
scientifically instrumented aircraft to obtain remotely sensed information about the sea and the atmos-
phere; and visit the Chesapeake Bay facility and take part in over-the-horizon radar experiments.

Research had become a very important and expensive national need. The Executive and Congressional
branches of government scrupulously analyzed research management, planning, and justification. Section
203 of the Defense Appropriation Act of 1969 required that ail funds expended by the Department of
Defense for research and development be used for programs which have “direct and apparent relevance to
military systems.” Accordingly, the Laboratory undertook a broad and penetrating reassessment of the
role, scope, and objectives of its research program. The results showed that the bulk of NRL research,
although contributing significantly to the storehouse of scientific knowledge and to the welfare of the
Nation, could easily be demonstrated to be of “direct and apparent military relevance.”

Report of NRL Progress, July 1973 7



FIFTY YEARS OF SCIENCE FOR THE NAVY AND THE NATION

ESTABLISHMENT OF FOUR AREAS OF RESEARCH

At the close of World War II, the number of NRL'’s research divisions had increased to ten. A major
part of the postwar management effort was directed to integrating the research without destroying the
individuality of each research division’s interests, A position was established for a Director of Research,
and, in the 1950’s, several Division Superintendents were designated Associates to the Director of Research.
It was soon evident that a stronger integration and direction would be needed for the Laboratory to be
adequately responsive to the advanced research management policies being adopted by the Department of
Defense and for it to exploit the mutual support that could be provided by divisions having strongly related
scientific disciplines. Consequently, the Research Department was restructured through several phases into
the present organization, which encompasses the four areas of Electronics, Materials and General Sciences,
Space Science and Technology, and Oceanology; and their 17 divisions and several special laboratories and
groups. . !

Descriptions of some of the postwar activities of these organizations are given below under the techni-
cal Areas in which they are now grouped.

_ Electronics Area

In_the postwar period, NRL quickly joined the revolution in electronics caused by the introduction of
solid-state physics technology. Interest in this new field coincided with an unprecedented demand for the
application of electronics to military systems. Basic and applied research and development programs were
directed to better understanding and exploiting the electronic properties of solid materials, electron beams,
and microwave radiation. The subsequent atterition given to high-power microwave devices led to major
contributions in the development of equipment for the improvement of communications, radar, and elec-
tronic warfare. Miniaturization techniques were developed which reduced the size, weight, and cost of
components of microwave and other systems while at the same time increased their reliability, High-power
traveling wave tubes were developed, and metal-oxide semiconductor transistors were hardened against
radiation damage to improve their reliability for operation in the space environment.

Shortly after the War, Navy radars, so essential to victory in that conflict, had become outmoded.
Rapidly increasing military requirements of the postwar period dictated that a vast array of improvements
and innovations be made. Due in part to NRL’s postwar research and development efforts in radar, the
Navy’s capabilities in surveillance, navigation, and weapon control were improved greatly in such areas as
Fleet air defense, strike warfare, ocean surveillance, and antisubmarine warfare. Some of the major postwar
radar developments that can be mentioned involved monopulse tracking, airborne weapon control, satellite
surveillance, airborne early warning, and over-the-horizon surveillance. Important advances also were made
in detection techniques, high-resolution methods, the understanding of sea clutter and propagation media,
and the definition of target characteristics.

The need for improved communications became much more demanding in the postwar period. More
information had to be transferred more rapidly, reliably, and securely. HF radio communication, which
NRL had introduced to the Navy long before World War IT and which, since then, continued to serve as the
Fleet’s primary means of communication, was significantly upgraded in capacity, reliability, and security by
devices and techniques developed by the Laboratory after the War., These developments included shipboard
broadband HF antennas and transmitter multicouplers and the techniques and equipment for providing a
common base for worldwide dissemination of time, time intervals, and frequency. To improve the security
of Fleet communications, NRL developed, in the immediate years following the War, an on-line electronic
encryption system. This achievement was closely coupled with the Laboratory’s role in the development of
stabilized-frequency, single-side-band trnasmitters and receivers for communication circuits. NRL also de-
veloped the processor which permits current naval platforms to be adapted readily to receive broadcasts
transmitted through the Fleet Satellite Communication System. Other research has resulted in major
contributions to worldwide systems for the identification of friend or foe and to navigation systems.
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With the nuclear submarine and the subsequent expansion of its role and importance, more positive
control of submarine operations was required. At the lower end of the electromagnetic spectrum, therefore,
NRL’s attention was directed largely to providing effective radio-wave propagation underwater. Resulting
developments have greatly increased the capacity and reliability of submerged-submarine communications.

Electronic warfare essentially began in World War II with the successful thwarting of German radio-
controlled aerial bombs and Japanese ASW search radars. In postwar research in electronic warfare NRL
helped the Navy to lead the way in the highly competitive programs conducted by many nations. Early
developments included a still widely used superheterodyne receiver for detecting and recognizing threat
signals and the pulse deception repeater, which is the backbone of modern defensive electronic-warfare
systems. NRL played a major role in the development of the Navy’s worldwide HF direction-finding
system, and it made a significant contribution to the concept of automatic threat recognition and pre-
programmed reflexive response systems. In addition to satisfying long-term electronic-warfare needs of the
Navy, NRL assisted in solving such urgent problems as devising and installing special electronic defensive
devices on Fleet units operating in Southeast Asian waters. In fulfilling its responsibilities as the Navy’s lead
laboratory for exploratory development in electronic warfare, NRL had conducted an extensive electronic-
warfare program which includes the use of unique facilities to conduct complex, computer-assisted simula-
tions of potential battle situations.  _ T ] - T

Among NRL’s contributions that have been of great value to civilian as well as to military interests is
the recent development and use of high-resolution imaging radar for mapping oil spills and the application
of over-the-horizon radar to the measurement of weather effects at distances of 1000 miles or greater.

Materials and General Sciences Area

During the years of reorientation and growth following the War, major advances were made in methods
of investigating and increasing the knowledge of materials. Larger numbers of researchers at the Laboratory
looked more deeply into the basic properties of matter in efforts to understand and exploit the atomic-scale
structures and phenomena which determine the macroscopic characteristics and behavior of materials. This
trend was made possible largely by a growing arsenal of increasingly more powerful probes, techniques, and
facilities. They included the electron microscope, a variety of diffraction, interference, and scattering
techniques, new research approaches made possible by the revolutionary invention of the laser, more
powerful theoretical methods, and the sophisticated design, control, collection, and analysis capabilities
afforded by electronic computers. These developments have substantially affected and shaped virtually all
of the programs of the research groups comprising today’s Materials and General Sciences Area.

The many contributions to Fleet capability made in chemistry during the War were augmented during
the postwar period by a number of productive advances in new fields and in exciting new directions in
well-established disciplines. Advanced investigative techniques have provided new understanding of combus-
tion phenomena and reaction kinetics across a broad front ranging from fire suppression to chemical lasers.
Studies of the surface characteristics of various materials and the synthesis of new compounds have led to
the probing of the mysteries of structure-property relationships in search of substances that will serve to
improve coatings, adhesives, and lubricants and that will satisfy a host of other practical needs.

In metallurgical research, the Laboratory has retained its position at the forefront of fracture me-
chanics testing, principles, and practice. Efforts to increase the strength and toughness of new alloys have
been made across a broad technical front that ranges from investigations of microscale radiation damage
and holographic studies of crystal growth to the formulation of scaling laws for fracture testing and welding
techniques. .

NRL scientists working in the new field of solid-state physics have probed the fundamental secrets of
optical, electrical, magnetic, and structural phenomena of crystalline and amorphous solids. They have
explored excited-state and far-infrared spectroscopy as well as new detectors and information-storage
systems. These research programs have led the way from fundamental understanding of solid-state phe-
nomena to new and improved applications. L
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In optical sciences, increased emphasis has been placed on programs oriented directly toward satisfying
existing and anticipated Navy needs. Laser phenomena, which have been at the core of this interest, have
stimulated studies of light generation, propagation, and interactions across a broad range from the funda-
mentals of quantum mechanics to the identification of system needs.

Fundamental investigations in nuclear science have been supplemented in recent years by inter-
disciplinary studies that have drawn heavily and profitably on the postwar investments in NRL’s specialized
techniques, experience, and facilities. In ion-implantation and radiation-effects studies as well as in prepara-
tions for a neutron cancer therapy program, NRL nuclear scientists have blended their special talents and
techniques with those of many other disciplines pursued at the Laboratory to open powerful new investiga-
tive avenues.

Space Science and Technology Area

Shortly after World War II, NRL was one of several institutions that undertook programs of upper-air
research with the aid of captured German V-2 rockets. On October 10, 1946, an NRL team was the first to
send a spectrograph aloft by rocket and thereby to obtain the solar spectrum below the wavelength limit set
by ozone absorption. During subsequent rocket flights, NRL recorded the entire solar spectrum to the x-ray
limit and contribufed significantly to understanding of the structure of the ionosphere. The Laboratory
performed about 80 high-altitude experiments aboard V-2 rockets and later conducted investigations by
means of Viking, Deacon-Rockoon, Nike-Asp, Aerobee, Aerobee-Hi, Black Brant, Superchief, and Blue

Scout Junior research vehicles,
‘ The launching by the USSR of the first man-made earth satellite, SPUTNIK I, stimulated considerable
-growth in the U.S. space program, including Navy space research. NRL scientists sought to explore and
better understand space science and technology in order to meet present and future Navy needs, particu-
larly in the areas of communications, navigation, environmental monitoring, and surveillance,

Communication satellites have greatly assisted the Navy in meeting its worldwide responsibilities.
Satellite communications experiments have been conducted successfully between destroyers during ship
maneuvers, during takeoff and landing operations aboard an aircraft carrier, and between shore stations and
Navy aircraft. Satellites also provide unique capabilities for navigation, and the Navy has used Transit
satellites to good advantage for many years. Recently, the Department of Defense has been evaluating an
improved navigation system, the Defense Navigation Satellite System, which is designed to meet the
ever-increasing navigational requirements of all the Services. The Navy’s candidate for this system is a
constellation of Timation satellites developed by NRL.

Because navigational aids provided by satellites are affected by changes in the ionosphere, as are other
radio transmissions, jonospheric monitoring is an important part of the Navy space program. The iono-
sphere is influenced by solar-radiation processes and thus cannot be comprehended fully without a thor-
ough understanding of solar interactions with the earth’s atmosphere. For a similar reason, the successful
use by the Navy of the important radar technique of over-the-horizon surveillance is highly dependent on
knowledge of ionospheric conditions and hence of solar physics. The Navy’s Solrad satellites, developed by
NRL, monitor the x-ray and ultraviolet output of the sun for purposes of predicting solar disturbances and
their potential interference with the operation of military systems. Other environmental-monitoring satel-
lites provide data on global weather patterns that are important to the Navy as well as to many civilian
organizations. The Navy also is interested in the potential use of space platforms for monitoring oil spills
and other pollutants and for monitoring the ocean-air interface to determine wave-height and wind-field
distribution. For several years, NRL has been developing techniques to provide these capabilities.

One of the Navy’s most critical challenges has been the development of equipment and methods for
conducting surveillance missions aboard aircraft and spacecraft. Research and development performed by
the Laboratory have contributed significantly in this area.

In recent years, NRL has developed many complex instrument packages for space flight, They include
the ultraviolet camera carried to the moon by NASA’s Apollo 16 spacecraft and the solar-monitoring
instruments designed and fabricated for NASA’s Skylab mission. -
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Furthermore, NRL has carried forward a variety of space-related programs through investigations in
plasma physics. For example, it has studied in great depth problems concerning ionospheric modeling and
high-altitude explosions. NRL’s mathematics and operational research, which is supported by well-
established and growing computer facilities, also has been directed to problems involving space operations—
the determination of satellite orbits, for example—as well as to a wide range of other subjects, including

- ocean surveillance and naval warfare,

Oceanology Area

Soon after the end of the War, a sobering new light was cast on the Allied victory in the Battle of the
Atlantic, It was discovered that Allied antisubmarine-warfare capabilities, which had been a key factor in
that victory, would have been no match fof the German Type XXI submarine had it become operational
before the War ended. This realization along with Navy projections concerning postwar advances in sub-
marine design stimulated new NRL research on antisubmarine warfare. This work led to the development of
the 10-kilohertz long-range active search sonar in 1950 and to active sonars operating at even lower
frequencies in later years.

As these advances were being made, needs were increasing for more accurate and rapid calibration of
transducers and for the establishment of improved standards of acoustic measurement. These requirements
were met in large part by the Underwater Sound Reference Laboratory at Orlando, Florida, acquired by
NRL in 1966, where equipment and techniques were developed for calibrating underwater sound trans-
ducers in simulated deep-ocean environments. The Orlando laboratory also developed a family of 20 types
of standard hydrophones and wide-range sound sources which currently are in use throughout the Navy and
the Nation. This standard acoustic instrumentation, which covers the frequency range from 1 hertz to 2
megahertz and can withstand a hydrostatic pressure as great as 10,000 pounds per square inch (equivalent
to an ocean depth of 23,000 feet), serves to bring reliability and comparability to underwater sound
measurements made throughout the Navy,

In retrospect, the early recognition by NRL’s charter Sound Division that its scientists must turn to the
ocean itself for answers crucial to naval military problems can be seen as the harbinger of the establishment
of the Oceanology Area in, 1967. As far back as 1924, when NRL invented the forerunner of the continu-
ously recording echo profiler, isolated groups at the Laboratory experienced various needs for knowledge of
the sea. These needs have increased ever since. The numerous technical advances wrought by the War
provided marine scientists with new ways of looking at the ocean. They soon discovered many details that
had “escaped” observation during the years of ocean study conducted up to that time. Sea mounts, rift
valleys, abyssal plains, turbidity currents, deep scattering layers, seawater microstructure, internal waves,
and many other features and phenomena could now be examined in considerable detail, and their effects on
naval operations could be carefully evaluated. These new horizons, coupled with the realization that rapidly
advancing technologies would soon enable our Navy to operate in any nook or corner of this major portion
of the globe, presented formidable challenges to the NRL oceanographic community.

In response to these challenges and in recognition of the need to balance its continuing attack on
underwater acoustic problems, NRL undertook major programs in ocean sciences. Although most of this
work was of a fundamental character, its implications with respect to practical considerations quickly
became apparent. Scientists who had developed a method for determining trace quantities of dissolved gases
in small volumes of irradiated solutions applied the method to the measurement of gases in seawater and
developed a standard shipboard method of analysis which marked a major advance in chemical oceanog-
raphy. Since then, this tool has enabled NRL oceanologists to make several important discoveries concern-
ing atmospheric phenomena, including the determination that the ocean is a natural source of atmospheric
carbon monoxide comparable in magnitude to man-made sources, NRL measurements made on a monthly
basis for almost a decade of the water-vapor content of the atmosphere at high altitudes have provided a
first look at an environmental baseline that has important impact on man’s future high-altitude travels and
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how those travels might in turn affect the earth’s climate, Pioneering measurements were made of tempera-
ture gradients at the air-sea interface, which established a new basis for investigating heat-exchange phe-
nomena having important effects on the thermal structure of the upper layers of the ocean.

Toward the end of the War, NRL was leading the way in the study of the effects of shock and
vibration on ship structures, and it continued to do so in subsequent years. This work led, in the early
1960’s, to the development of the only currently available means of predicting the response of a structure
to noncontact underwater explosions. Since 1967, this method, called the Dynamic Design Analysis
Method, has been strongly endorsed by the Naval Ship Systems Command. Techniques devised by NRL for
determining the fracture resistance of materials designed for use in the deep ocean have had significant
impact on undersea operations. NRL engineers also made contributions to glass and ceramic technology
that have moved the Navy closer to the day when transparent capsules will be designed that will enable men
to travel to the greatest ocean depths and to remain there for long periods of time,

The sudden increase in interest in deep-ocean technology witnessed in the 1960’s is often cited as
having been precipitated by the loss of the nuclear submarine THRESHER in 1963. Long before that loss,
NRL ocean technologists had been developing the capability to probe large portions of the ocean bottom at
great depths with sonars towed by ship. In 1964, NRL scientists and engineers aboard the Laboratory’s
tesearch ship USNS MIZAR, which towed an improved underwater platform containing sonars and televi-
sion and still cameras, located and photographed the hulk of THRESHER. They went on to assist in
locating and retrieving the H-bomb lost in the Mediterranean Sea in 1966, to find and photograph the lost
nuclear submarine SCORPION in 1968, to find and help retrieve the research submersible ALVIN in 1969,
and to locate and photograph the lost French submarine EURYDICE and to monitor the scuttled ship
LEBARON RUSSELL BRIGGS and her cargo of deadly nerve gas in 1970.

This NRL capability has also helped open up a new era of ocean study in which detaﬂs of the deep
ocean floor can be accurately mapped and related to the major forces which form them.
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NRL’s 50 Years of Radio-Electronic Research
L. A. Gebhard

pDr. Louis A. Gebhard attended Georgetown University and George Washington

University. His carecer at NRL began in 1923 with his appointment as the Head of

the Radio Transmitter Section. His work has been in radio communications,

navigation and countermeasures, and from 1945 to 1968 he was Superintendent

of the Radio Division. Dr. Gebhard was a recipient of the Presidential Certificate

of Merit in 1946 and presently is a Consultant to the Electronics Area of NRL.
Dr. Gebhard has the distinction of being NRL’s only 50-year employee.

The past 50 years have been an era of tremendous scientific progress, particularly in radio-electronics.
In this field, the Naval Research Laboratory has continuously played a major role. This progress has had a
major impact in advancing the operational capability and combat effectiveness primarily of the U.S. Navy,
and in addition that of the other military services of the United States and of its allies. Industry and the
national economy generally have also been greatly benefited by this progress. '

During this period, there has always been the need for NRL to convince the operational Navy of the
value of its work through actual demonstrations; positive proof had to be given that the advances made
would provide performance substantially superior to that of existing facilities before the Navy would agree
to relinquish previously accepted methods (proved useful through years of use) and adopt new and untried
methods. This convervatism, while it represents an inconvenience to the scientist, assures that changes made
are sound and provide an actual advantage to the military and to the nation. Although progress is an
essential to any modern military establishment, military commanders must not take lightly a decision which
will bring about great changes in existing equipment, with resulting substantial difficulties attending altera-
tions in military operations.

"~ NRL developed the technological basis for high-frequency communication, which is today the main-
stay of the Navy in radio communication. The Laboratory led in the development of the very high, ultra-
high, and superhigh frequency bands, making available a tremendous increase in the number of communica-
tion channels at a time when a great need was felt for such an increase, not alone for military use, but also
for civilian services such as television. This interplay of radio communications channel development and
increased need for channel space has been a continuing problem, with no indication of abatement.

NRL provided the first satellite-communication system, which has presaged the present-day extensive
utilization of satellite communications for all purposes. Major contributions to radio navigation have
resulted from Laboratory work, as a result of its early direction-finder effort and later through the world-
wide radio-navigation system known as Omega,

NRL’s work resulted in the origination of radar in the United States, with its resulting revolutionary
influence on the conduct of warfare. Radar has added tremendously to the safety and control of civilian
aviation and to the safety and guidance of ships on the seas. One NRL development associated with radar
permitted friendly forces to distinguish targets so as to identify friend from foe (IFF). NRL pioneered in
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the radio remote control of guided missiles, beginning with the first flight of a radio-controlled unmanned
aircraft. The Laboratory was a recognized leader in the development of electronic countermeasures, both
during and since World War II.

NRL developed techniques that greatly advanced the precision of standard time utilized in the present
worldwide system of radio standard time transmissions. Associated with the time techniques are those
concerning precise frequency, through which the Laboratory has made possible the discipline involved in
interference-free radio channels on a global basis. To provide effective means for command and control,
NRL researchers pioneered in the field of systems integration, providing the Navy with its first electronic
tactical data system. This system provided for electronic means for the generation, storage, display, and
utilization of critical tactical data from the several electronic systems and the automatic interchange of such
data between component ships of a task force. NRL’s development in systems integration was followed by
further important contributions to subsequent electronic tactical data systems.

NRL has built a remarkable record of scientific achievement during the past 50 years. Impressive
though this record-may be, however, the Laboratory has the talent, know-how, and opportunity to make a
record of even greater achievement during the next 50 years,
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NRL Beginnings
E. O. Hulburt

Dr. E. O. Hulburt reccived his Ph.D. in physics from John Hopkins University in
1915. From then until 1924, he taught physics at John Hopkins, Western Reserve,
and lowa. He next joined NRL as a physicist and Supcrintendent of the Physical
Optics Division, positions he held for 25 years. His wide-ranging rescarch interests,
which included optics of the sea and sky, terrestrial magnetism, aurorae, the
ionosphere, and radio propogation, took him on many expeditions, Dr, Hulburt
served as the first Director of Research of NRL from 1949 until his retirement in
1956.

I remember very vividly coming to the Naval Research Laboratory to enter on my new position there
as Superintendent of the Optics Division. It was June 1924; the Laboratory was nearly 1 year old; I was 33
years old. The Laboratory consisted of four white buildings in a sizeable field of the old Bellevue farm on
the recd-fringed banks of the Potomac River. The Bellevue house, a large pleasant country house, was
separated from the Laboratory by an ancient orchard. There were bams and various outbuildings scattered
about.

Although Bellevue is in the District of Columbia and hence the City of Washington, the city had not
yet spread out, and Bellevue was quite remote and surrounded by almost untouched Maryland country, My
wife came over by train from Baltimore to look at my new surroundings and at the station engaged a taxi.
When she told the driver where she wanted to go, he said, *“Yes, lady, I know where it is, but you better
take me by the hour.”

For the fourth time in my life I found myself in a large suite of empty rooms in which to set up a
laboratory to work on problems as yet unspecified. Our Director, Captain E. G. Oberlin, gave me $40,000
for fundamental pieces of equipment, a princely sum in those days and much above what 1 had been
accustomed to in universities, I was tremendously excited. Here was the entire Navy,the sea, and the sky to
play with.

While waiting for the new equipment to come I found out that Dr. E. Hoyt Taylor, the Head of the
Radio Division, was in the midst of discovering and investigating the marvelous properties of short radio
waves which reached thousands of miles over the surface of the earth with very little power. The short
waves had interesting peculiarities, skipping over regions near the transmitter and coming down to earth far
away. These skip distances I recognized as phenomena of an ionized, magnetized region of the upper
atmosphere, and the collaboration between Dr. Taylor and myself led to the discovery and measurement of
the ionosphere.

I am sure that Captain Oberlin was as excited as we were at the prospect of a capable civilian research
laboratory in the Navy. This called for a new venture in military-civilian relationships. A civilian organiza-
tion in the naval hierarchy was a novelty and quite out of step with the usual military organization.
Actually the plan had been specifically recommended by the Naval Consulting Board (of the 1914-1918
War), of which Thomas Edison was chairman. The board realized that unless a research laboratory were
given proper status it could not attract competent scientists and would be a failure,
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Captain Oberlin recognized clearly that naval officers were not necessarily scientific research men and
that scientists were not necessarily naval officers. Although they were all working to the same end, their
training was completely different; each had his own important job to do, and it was definitely not his
business to try to do the other’s job. This attitude led to mutual respect, appreciation, and cooperation.

Thus in the very beginning Captain Oberlin set the pattern for the Laboratory, a pattern that has been
scrupulously adhered to ever since. Whatever success the Laboratory has had has been largely due to this
design. We all owe a great debt to Captain Oberlin’s sturdy personality and wisdom in giving the Laboratory

. such a good start and in guiding its development for many years.
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The Beginning of the Division of Physical Metallurgy
R. F. Mehl

Dr. Robert F. Mehl came to NRL from Harvard to establish a division of physical
metallurgy (1925-1931). Gaining recognition as the “Father of Gamma Ray
Radiography™ was the beginning of a long, illustrious career in research and
education. Dr. Mechl is the author of over 200 scientific publications, he is a
Fellow of the National Academy of Sciences, and currently he is a Professor of
Metallurgy, Emeritus, Carnegie-Mellon University.

Two years after the Naval Research Laboratory was commissioned it was decided that a division of
physical metallurgy should be initiated. At the time the technical force numbered 40 men, employed in the
Radio Division under Dr. A. H. Taylor, the Sound Division under Dr. H. C. Hayes, the Light Division under
Dr. E. O. Hulburt, and the Ballistic and Photographic Division under Mr. H. H. Moore. The Assistant
Director, Captain E. G. Oberlin, and his advisors decided that this new division should engage not in applied
research but primarily in pure research. Accordingly, Captain Oberlin wrote to a number of universities
asking for nominations for the superintendency of the new division of “‘one founded in the fundamentals of
metallurgy” (to quote from a letter to Professor D. J. Demarest of Ohio State University). One of these
letters reached Professor Albert Sauveur, professor of metallurgy at Harvard University, who recommended
me. At the time I was a National Research Fellow (postdoctoral) at Harvard. I had been awarded a Ph.D. at
Princeton University, under Professor D. P, Smith, who in turn had been a student of the famous Professor
Gustav Tammann of the University of Gottingen, Germany, one of the great pioneers in applying science to
the study of metals.

The new division was housed on the first floor of the original laboratory building. Some equipment was
already available: a tensile testing machine, a Brinell hardness tester, several rather large induction melting
furnaces, a micro-metallograph, efc. I had done some research at Harvard in the field of x-ray diffraction, a
new and exciting field in metallurgical research, and purchased one of the new General Electric x-ray
diffraction apparatuses, and in pursuing research in this field wrote Nobel Laureate Arthur Compton, at the
University of Chicago, for a new doctorate in this field; and thus Dr. C. S. Barrett was appointed as a
member of the staff of the new division,

Thus at the beginning the staff of the Division was comprised of Barrett and a laboratory technician,
Donaldson,” and me. In time Mr. Keyser was added and a few years later Messrs. Gow, Briggs, and Gezelius.
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